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Summary
In recent years, clinical and observational studies reported that caffeine consumption was associated with cardiac arrhythmias, affected 
heart rate variability, and subsequently increased cardiovascular risk. The analysis of these paper shows that data are controversial and 
strongly depends on methodology. Moderate intake of caffeine seems to have protective effects on arrhythmias, on contrary high intake 
of caffeine seems to be associated with increased risk of atrial fibrillation. There is a deep difference when we analysed intake of caffeine 
from coffee compared to other sources. In very recent time an increase in caffeinated beverages, namely energy drinks, has been reported 
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Introduction
Lifestyle factors, particularly dietary intake, have been recognized 
as important, modifiable risk factors for cardiovascular disease. The 
majority of studies analyzed the relationship between lifestyle and 
atherosclerosis, whereas little is know about influence of lifestyle on 
arrhythmias. 
The aim of the present review is to evaluate the effects of caffeine 
as component of beverages of daily life on development of AF. We 
focused on coffee consumption and on the new developed energy 
drinks that became very popular among young people.1
Atrial fibrillation (AF) is the most common arrhythmia in clinical 
practice. It is estimated to currently affect over 6 million patients in 
Europe and approximately 3.0 million in the United States, and this 
number is projected to at least double in the next 25 years because of 
the increasing proportion of the ageing population.2
Coffee, Caffeine And Atrial Fibrillation
Caffeine is the most widely consumed behaviorally active substance 
in the world and almost all caffeine comes from dietary sources, most 
of it from coffee3,4 Associations between coffee, caffeine and AF have 
had conflicting results.5,6,7 Coffee contains several hundred different 
substances including lipids, carbohydrates, minerals, vitamins, alka-
loids and phenolic compounds. Nevertheless effects of coffee on car-
diovascular system have been mainly related to caffeine.
Caffeine is an alkaloid present in coffee beans, in humans come 
from a number of dietary sources i.e. tea, coffee, cocoa beverages, 
chocolate bars and soft drinks and recently energy drinks. (ED). The 
content of caffeine of these items ranges from 4 to 180 mg/150 ml 
for coffee, 15 to 29 mg/180 ml for cola, 24 to 50 mg/150 ml for tea, 
2 to 7 mg/150 ml for cocoa and 1 to 36 mg/28 mg for chocolate, 100 
to 286 mg for common ED, however some brands of ED contain 550 
mg caffeine per can or bottle.8,9,10
The clinical effect of intakes of caffeine from coffee, tea, caffeinated 
soda and energy drinks on AF remain inconclusive.  The patho-phys-
iology of the arrhythmias have been described in detail, however the 
mechanism underlying electrical changes and the possible triggering 
factors remain largely unknown. Several studies evaluated the acute 
effects of caffeine on heart rate and found controversial results.
Studies on human atrial myocytes from patients with AF sug-
gests that an adenosine mediated signaling pathways could lead to 
increased spontaneous sarcoplasmic reticulum calcium release and 
could contribute to the initiation of AF.11
Caffeine may mediate AF by resulting in neurohormonal stimula-
tion and sympathetic activation and the effects could be enhanced in 
nonhabitual coffee drinkers.12
Caffeine toxicity produces supraventricular tachycardia, atrial 
fibrillation and ventricular fibrillation.13, 14
The risk of cardiac arrhythmias associated with daily consumption 
of caffeine does not seem to be increased at ventricular level, but 
more information is needed about supraventricular level.
Clinical studies found a significant decrease of heart rate after 
acute ingestion of 100 or 200 mg of caffeine in non-habitual coffee 
consumers, whether in habitual coffee consumers the lack of effects 
on heart rate depends on rapid tachyphylaxis of caffeine.15,16 A differ-
ent response in habitual and non habitual consumers was previously 
observed in hypertensive patients.
The Framingham Heart study and a Danish study showed no as-
sociation between daily caffeine intake and incident AF.17,18 Similarly 
in the Women Health study, caffeine consumption was not associat-
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position paper on Energy drinks that analyzed effects of ED on exer-
cise performance, and explore the safety of these beverages.31
Energy drinks contain caffeine and often other substances such 
as guarana (containing guaranine, similar to caffeine), gingko bilo-
ba, taurine (an amino acid) and carbohydrates. Interestingly ED that 
contain natural ingredients such as gingko (classified as “dietary sup-
plements”) so that manufacturers of these products are not required 
to include the caffeine content of these herbal supplements in the 
nutritional information.31
The guarana plant and berry has one of the highest naturally oc-
curring levels of caffeine, and there are also traces of theophylline 
and theobromine. Instead of referring to caffeine, many companies 
and websites market their products using the term ‘guaranine’ when 
describing the active ingredient.
Safety concern comes from isolated case report that has not estab-
lished a direct link.
The caffeine content of common ED has been reported to range 
from about 100 to 286 mg.9 However some brands of ED contain 
550 mg caffeine per can or bottle.10
Since ED often contains other stimulants (i.e. herbs) that can have 
a synergistic effect with caffeine, more research is needed to deter-
mine the long-term effects of habitual intake of ED.32 There are cur-
rently only a few studies (acute or long term) that have investigated 
the side effects of ED.33, 34
Clauson et al reported four documented case reports of caffeine- 
associated deaths, as well as four separate cases of seizures associated 
with the consumption of energy drinks. However, the authors were 
quick to point out that the amounts of ginseng, taurine, and guarana 
found in these beverages are less than the amounts thought to beget 
any harmful reaction or curative benefit. It is possible that a combi-
nation of different substances and caffeine facilitate arrhythmias.33
Usman and coworkers reported a case of a young boy presented 
with palpitations and high blood pressure after consumption of an 
ED containing caffeine, taurine (124 mg), , inositol (17 mg), Panax 
ginseng (6.98 mg). The tachycardia and hypertension returned to 
normal after discontinuation of ED consumption.35
Bichler and coworkers investigated a combination of caffeine and 
taurine (two common ingredients in ED) in a double-blind study 
of college students. Subjects consumed either caffeine and taurine 
pills or a placebo and then completed a memory assessment while 
heart rate and blood pressure were monitored. The combination of 
two caused a significant decline in heart rate and an increase in mean 
arterial blood pressure.36
A cardiac arrest has been reported in a healthy 28-year-old man 
after consuming seven to eight cans of a caffeinated ‘energy drink’. 
The patient developed ventricular fibrillation and was successfully 
defibrillated. Subsequent testing did not show evidence of any coro-
nary artery disease.37
We reported 2 cases of atrial fibrillation in young patients after 
ingestion of ED, in one case it was mixed with alcohol. Both pa-
tients underwent cardioversion of arrhythmias. [data presented at the 
National Meeting of the Italian Society of Cardiology 2013, paper 
under submission].
It is well known that alcohol mixed to energy drinks has became 
very popular among young. This mix can facilitate cardiac arrhyth-
mias in young apparently healthy subjects. Combination of alcohol 
and energy drinks is associated with decreased awareness of physical 
and cognitive impairment caused by alcohol intake. Additionally, due 
ed with an increased risk of incident AF in a selected population of 
initially healthy middle-aged women.19 In the Multifactor Primary 
Prevention Study, the consumption of 1 to 4 cups of coffee/day was 
associated with an increase risk of atrial fibrillation, whereas drinking 
more than 4 cups a day was not associated with a risk of atrial fibril-
lation. This analysis was carried on in Goteborg on a large number of 
patients and evaluated hospitalization for atrial fibrillation. The main 
limitation was the lost of asymptomatic episodes of arrhythmias not 
leading to hospitalization.20
These discrepant findings on the association between coffee and 
caffeine consumption and atrial fibrillation are related to differences 
among coffee and caffeine intake.21 Coffee is a complex beverage that 
include hundred of substances i.e. several antioxidants. High antiox-
idant levels in coffee were reported but this high contribution to the 
total dietary intake of antioxidant was not noted22,23 Green and black 
coffee beans contains different quantity of antioxidant, 15,9 and 22.6 
mmol tot antioxidant/100 g, respectively. This difference depends on 
the roasting process that damages some antioxidants.24
An important issue is whether the antioxidants derived from coffee 
are bioactive and bioavailable. Several studies demonstrated bioactiv-
ity of coffee that suggests coffee contribution to antioxidant process, 
coffee consumption is associated with a reduction of plasmatic gam-
ma-glutamyl transpeptidase, a marker of early oxidative stress.25
In healthy volunteers the acute ingestion of caffeinated instant cof-
fee did not result in supraventricular arrhythmias.26 However, many 
patients with paroxysmal atrial fibrillation indicate coffee intake as 
a triggering factor for arrhythmia, and there is a fairly widespread 
belief that caffeine intake is related to the development of AF27 Acute 
stress was also associated with an increase in coffee consumption in 
almost all subjects, habitual and nonhabitual drinkers.28
We found that increasing level of coffee consumption was asso-
ciated with a significantly greater risk of acute atrial fibrillation in 
patients without cardiac disease.29 High espresso coffee consumption 
(>3 cups a day) was associated with an increase risk of AF but pa-
tients habitual drinkers had a low probability of spontaneous conver-
sion of the arrhythmia.
Other studies identified moderate coffee consumption (1–4 cups 
coffee/d) as a contributor to AF risk,20 whereas another study showed 
that caffeine was associated with less successful cardioversion in hy-
pertensive patients.7 It is plausible that the effects of caffeine varies 
in habitual versus non-habitual consumers and also depends on the 
dose, on the modality of preparation and on the modality of intake, 
i.e. coffee after meals. Further studies are necessary to clarify the re-
lation of caffeine exposure to risk of incident and recurrent AF in 
healthy individuals and patients with a predisposition for AF.
Energy Drinks And Atrial Fibrillation
In 2012 the Food and Drug Administration investigated the ener-
gy drinks (ED) that contained caffeine, due to alert on safety. Several 
types of these caffeinated drinks were linked to unexpected death in 
young and healthy subjects30 Energy drinks are a group of beverages, 
available to general public, used to provide boost in energy, maintain 
wakefulness, provide alertness, and promote cognitive and mood en-
hancement.
Energy drinks are the most popular dietary supplement in the 
American adolescent and young adult. About 6% of young men in 
United States report to consume ED daily.30
The International Society of Sports Nutrition (ISSN) published a 
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fibrillation in women. Am J Clin Nutr  2010; 92:509-14.
20. Wilhelmsen L, Rosengren A, Lappas G. Hospitalizations for atrial fibrillation 
in the general male population: morbidity and risk factors. J Intern Med 2001; 
250:382-9.
21. Gould L, Reddy CV, Oh KC, Kim SG, Becker W. Electrophysiologic properties 
of coffee in man. J Clin Pharmacol 1979; 19:46-55
22. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salvatore S, Bianchi M, Brighen-
ti F. Total antioxidant capacity of plant foods, beverages and oils consumed in Italy 
assessed by three different in vivo assays. J Nutr 2003; 33: 2812-2819
23. Richelle M, Tavazzi I, Offord E. Comparison of the antioxidant activity of com-
monly consumed polyphenolic beverages (coffee, cocoa and tea) prepared per cup 
serving. J Agric Food Chem 2001; 49: 3438-3442
24. Daglia M, Papetti A, Gregotti C, Berte F, Gazzani G. In vitro antioxidant and ex 
vivo protective activities of green and roasted coffee. J Agric Food Chem 2000; 48: 
1449-1454.
25. Wild AC, Mulcahy RT. Regulation of gamma-glutamylcysteine synthetase sub-
unit gene expression: insight into transcriptional control of antioxidant defenses. 
Free Radic Res 2000; 32: 281-301.
26. Newcombe PF, Renton KW, Rautaharju PM et al. High-dose caffeine and cardiac 
rate and rhythm in normal subjects. Chest 1988;  94:90-4.
27. Hansson A, Madsen-Hardig B, Olsson SB. Arrhythmia-provoking factors and 
symptoms at the onset of paroxysmal atrial fibrillation: a study based on interviews 
with 100 patients seeking hospital assistance. BMC Cardiovasc Disord 2004 4:13 
28. Mattioli AV, Bonatti S, Zennaro M, Mattioli G. The relationship between person-
ality, socio-economic factors, acute life stress and the development, spontaneous 
conversion and recurrences of acute lone atrial fibrillation. Europace  2005; 7:211-
20.
29. Mattioli AV, Bonatti S, Zennaro M et al. Effect of coffee consumption, lifestyle 
and acute life stress in the development of acute lone atrial fibrillation. J Cardio-
vasc Med 2008 9:794-8.
30. Sepkowitz KA. Energy Drinks and Caffeine-Related Adverse Effects. JAMA 
2013; 309: 243-4
31. Campbell B, Wilborn C, La Bounty P, Taylor L, Nelson MT, Greenwood M, Zie-
genfuss TN, Lopez HL, Hoffman JR, Stout JR, Schmitz S, Collins R, Kalman DS, 
Antonio J, Kreider RB. International Society of Sports Nutrition position stand: 
energy drinks. Journal of the International Society of Sports Nutrition  2013; 
10:140
32. Tachjian A, Maria V, a Jahangir A. Use of Herbal Products and Potential Interac-
tions in Patients With Cardiovascular Disease. Am Coll Cardiol 2010; 55:515–25
33. Clauson KA, Shields KM, McQueen CE, Persad N. Safety issues associated with 
commercially available energy drinks. J Am Pharm Assoc  2008 48:e55–63.
34. Duchan E, Patel ND, Feucht C. Energy drinks: a review of use and safety for 
athletes. Phys Sportsmed 2010, 38:171–17
35. Usman A,Jawaid A. Hypertension in a young boy: an energy drink effect. BMC 
Res Notes 2012; 5:59147
36. Bichler A, Swenson A, and Harris MA: A combination of caffeine and taurine 
has no effect on short term memory but induces changes in heart rate and mean 
arterial blood pressure. Amino Acids 2006 31:471–476
37. Berger AJ, Alford K. Cardiac arrest in a young man following excess consumption 
of caffeinated ‘energy drinks’. Med J Aust 2009; 190: 41–43
38.  Howland J, Rohsenow DJ. Risks of Energy Drinks Mixed With Alcohol. JAMA 
2013; 309:245-246. 
39. Chrysant SG, Chrysant GS. Cardiovascular complications from consumption of 
high energy drinks: recent evidence. Journal of human hypertension 2014; Jun 19. 
doi: 10.1038/jhh.2014.47. [Epub ahead of print]
to the stimulant properties of the added caffeine and the dilution 
of the alcohol, individuals may remain alert longer, allowing for ex-
tended time in which to consume alcohol, which may lead to binge 
drinking. There is some evidence that at lower levels, caffeine may 
attenuate some of the intoxicating effects of alcohol, but this effect is 
not evident at higher caffeine levels.38, 39
It is concerning that products with an unclear record of safety in 
adolescents and young, and reported adverse effects, have become so 
easily accessible. Currently, no central data collection exists for side 
effects induced by ED. As the number of users of energy drinks has 
been growing rapidly, it is crucial to keep up with understanding the 
potential toxic effects of these beverages and food to prevent arrhyth-
mias and other disease.
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